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Abstract
 The bedrock geology of the Gilead 7.5’ Quadrangle was mapped for a more updated version using 
digital field mapping methods. This research was funded by the Billings Fund and the Maine Geological 
Society. Previous studies of this region is the current bedrock map by Moench, Hatch, and Lyons (1983). This 
study focuses on the plutonic history using thin section, estimated modes of QAP diagrams, and geochemical 
data from X-ray Fluorescence. The two igneous intrusions in this area of study are the Quartz Diorite Suite 
and the two-mica granites that are found as sills and plutons. The Quartz Diorite Suite is characterized as 
foliated synkinematic rocks and are closely related to the New Hampshire Plutonic Series (NHPS) associated 
with the Piscataquis Volcanic Arc. Data from the study show the close correlations with the Winnesepaukee 
Tonalite from a previous study conducted on the NHPS by Dorais (2003). The two-mica granites are 
homogeneous in nature with an abundance of pegmatites and are believed to be an extension of the Sebago 
Batholith that are Carboniferous to Permian in age. For the two-mica granites, the geochemical data did 
not correlate as well with Tomascak et al. (1996) data but did have a general trend. Based on the data, the 
hypothesis surrounding the plutons and tectonic history is explained through two or possibly three tectonic 
events, the Acadian, Neoacadian, and Alleghanian Orogeny. These finding as well as the new changes in the 
metasedimentary units have significant implications for regional Appalachian tectonics, and validate the 
importance of creating a new map.
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7Chapter 1
Introduction
81.1  Purpose
Understanding the metamorphism and plutonism in Maine is the key to comprehending the tectonic history. 
From the start of the Taconic Orogeny, to the end of the Alleghanian Orogeny, Maine’s geology has changed 
drastically with the creation of the Appalachians and other geological formations. Many of these plutonic 
rocks were created within the volcanic arc regions as part of syn- to post-tectonic events. By analyzing the 
geochemistry of metamorphic and plutonic rocks, we can identify in which settings these samples may have 
been formed. This method of geochemistry is frequently used in studying plutonic rocks by distinguishing 
the presence and concentration of elements.  The elemental concentrations within the minerals can be used 
to discriminate for specific tectonic setting and timing. Mineralogical methods for plutons also help age and 
determine the geochemical changes in pluton intrusions.
The region of study in the towns of Gilead and Newry are important for many recreational, developmental, 
and economic reasons. This area  is crossed by Route 2 and 62, the only major highways that connects Maine 
and New Hampshire. It is also a popular tourist destination for winter sports due to Sunday River Ski Resort. 
Recently, there has been an increase in ski cottages and vacation homes built upon the steep slopes of the 
mountains that surround the Bethel region. Within Bethel, there is a private high school, Gould Academy, a 
golf resort, and the Maine Mineralogical Museum, set to open next fall. 
Figure 1.1: Map of the bedrock geology of Maine. The study site in Western Maine is outlined by the 
inset. The grey units are mapped contacts from J. Dykstra Eusden’s 2012 map. Devonian and Silurian 
metamorphic units and Devonian granites that are all characterized as one unit. From the Maine Office 
of GIS Data Catalog: Geological and geophysical. (Bedrock geology units (BEDROCK) (1/1/1995)). 
Retrieved from http://www.maine.gov/megis/catalog/
9One of the most significant anthropogenic uses of this area are logging.  Recent logging in the neighboring 
towns of Gilead and Newry has increased bedrock exposure in heavily forested regions. With new outcrops, 
the previous research and map on this area by Hatch, Moench, and Lyons in 1983 can be re-evaluated for a 
more updated version. In the summer of 2012, J. Dykstra Eusden and Riley Eusden remapped the eastern 
section of the quadrangle. The purpose of this study is to understand the mafic and felsic intrusive plutons 
and their local tectonic history by reconstructing the regional history of the Piscataquis Volcanic Arc which 
extends further through western Maine, and the Sebago Pluton just south of the study site, which is extended 
to the study area. This study is very important due to the limited data on these rocks found in the study area 
which were not exposed for geological work until now and environmental concerns such as water quality 
affected by the bedrock.     
Study Area
The study site is the composite area of Gilead and parts of Newry located in Western Maine (Figure 1.1). This 
area encompasses the Gilead and the lower fifth of the Old Speck 7.5’ Quadrangles. Both quadrangles contain 
migmatized and non migmatized metamorphic rocks, two-mica granites, and pegmatites. In the upper Old 
Speck and lower Gilead Quadrangles, there are calcium silicate pods and granofels. The lower portion of 
the Gilead Quadrangle has a distribution of a granitic rock, quartz diorites, one of the main focus of this 
study. In the current version of the bedrock map, the bedrock is categorized as: Devonian and Silurian aged 
metamorphic suites with Devonian and Carboniferous to Permian aged plutons (Osberg et al. 1985).
 
1.2 Geologic and Tectonic Setting
The bedrock geology of Maine is influenced by five distinct orogonies; the Taconic, Salinic, Acadian, 
Neoacadian, and Alleghanian Orogenies. The Taconic Orogeny is characterized by three stages that began 
during the Ordovician (450 - 485 Ma). During Taconic 1, the Lushs Bight oceanic tract (LBOT) from 
the east was thrust over and onto the peri-Laurentian Dashwoods micro-continent. Then, in Taconic 2 the 
Humber margin collided with the pre-Laurentian arc closing up the Humber Seaway. Finally the combined 
peri-Laurentian arc collided with the peri-Gondwanan arc in Taconic 3 (Van Staal et al. 2009). The Salinic 
Orogeny in the early Silurian (430 – 422 Ma), was due to the convergence of Laurentia and Gander at 
the Dog Bay Line that migmatized much of the meta-sedimentary rocks within the area (Van Staal et al. 
2009). During the Acadian Orogeny that occurred in the Devonian (420 - 390 Ma) Avalonia was subducted 
underneath Laurentia as the Theic Ocean closed (Bradley, 1983). The Neoacadian in the early Devonian to 
early Carboniferous (400 – 350 Ma) occurred when Meguma and Laurentia become connected. The last 
orogeny, the Alleghanian, began after the Acadian in the Permian (300 Ma) as Gondwana collided with 
the composite landmass to create Pangaea (van Staal et al. 2009; Eusden et.al, 2013). The most important 
orogeny that pertains to this study is the Acadian, as the plutons we saw in the field were created during this 
time (Figure 1.2; Figure 1.3).
Western Maine is part of the Central Maine Terrane (CMT) that is located between the Ordovician rocks 
of the Bronson Hill belt to the northwest and the Silurian rocks of the Avalon Composite terrane to the 
southeast that is seperated by Norumbega shear zone (Tomascak et al., 2004) (Figure 1.4). It contains 
metasedimentary rocks that are associated with deep water turbidites that were deposited as part of a passive 
Marigin or a subduction complex (Moench and Panjiwskyj, 1988; Robinson et al. 1998; Hanson and 
Bradley 1989; Eusden et al. 1996; Bradley et al. 1998; Eusden et al. 2000). There are five major stratigraphic 
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formations within the CMT, the Rangeley, Perry Mountain, Smalls Falls, and Madrid created in the Silurian, 
and the Littleton created in the Devonian. Collectively, they are also known as the Rangeley Stratigraphy. In 
the Rangely Stratigraphy, the Rangeley and Perry Mountain formations were deposited and then deformed 
with them in the early Acadian Orogeney, beginning during the early Devonain at around 408 Ma (Bradley 
and Tucker, 2002) The Smalls Falls and Madrid were created as Avalonia colided with the northearstern 
section of North America (Moench, 1970). The Littleton Formation was created in the Early Devonian at 
around 409 Ma (Eusden et al. 2013). The Devonian plutons were later emplaced on top of the stratigraphy 
(Bradley et al. 2002).
Piscataquis Volcanic Arc
The Piscataquis Volcanic Arc (PVA), also known as the Piscataquis Volcanic Belt and the Piscataquis 
Magmatic Belt, extends northeast and southwest from northern Maine to New Hampshire and Vermont 
(Lyons et al. 1997; Bradley et al. 2000; Hibbard et al. 2006; ) (Figure 1.4). It is fixed between the Merrimack 
Figure 1.2: The cross sectional views of the Salinic (a) and Acadian (b) orogonies from Van Staal et al., 
(2009). In the Salinic Orogeny, Laurentia and Ganderia are colliding together with Ganderia subducting 
underneath the Laurentia plate. During the Acadian Orogeny, Avalonia is subducted underneath 
Ganderia that is not connected to Laurentia.
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Trough, the Connecticut Valley Gaspe Trough 
and the Bronson Hill arc as part of the Central 
Maine Belt. Rankin (1968) is credited to be the 
first to discover the PVA as a Devonian belt and 
since then, the PVA has been defined broadly as 
discontinuous suites of Silurian-early Devonian 
mafic and felsic rocks.  This arc is thought to have 
formed as the result of a syncollisonal foreland 
setting as a result of Avalonia converging with 
Laurentia during the Emsian stage of the Devonian 
Acadian Orogeny (Hon et al. 1992; Bradley, 1983; 
Bradley and Tucker 2000; Schoonmaker et al. 
2011). 
The sequence of the Piscataquis Volcanic Arc is 
mainly metasedimentary rocks with  varied suites 
of volcanic igneous rocks: basalts, andesites, 
dacites, and rhyolites from the Devonian (Bradley, 
1983). There are several theories on how the 
PVA was formed. The first suggests slab failure 
(Robinson, 1993; Robinson et al. 1998; Bradley et 
al. 2000; Tucker et al. 2001; Bradley and Tucker 
2002; Schoonmaker et al. 2005; Schoonmaker et 
al. 2011). The second suggests a migrating Acadian 
front as a result of back-arc deformation which lead 
to magmatism that occurred as the lithospheric 
mantle became hydrated (Murphey et al. 1999; 
Eusden et al. 2000; Bradley and Tucker, 2002; van 
Figure 1.3: The location and expansion of the main 
belts in Maine. Central Maine Belt (CMT) is the 
largest belt in Maine. It travels from Northeast 
towards Southwest into New Hampshire. The 
red square indicates the study area (not to 
scale). The closest plutons are the Songo and 
Mooselookmeguntic Plutons. The SE also stands 
for the Sebago Pluton. From Dorias and Paige 
(2009).
Figure 1.4: The geology of Maine from Bradley (1983). The red outlines Maine for better view. The 
Piscataquis Volcanic Arc is located between the Merrimack Trough and the Connecticut Valley Gaspe 
Trough and passes through Maine into New Hampshire. The study area is the red square on the map.
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Staal et al. 2009; Schoonmaker et al. 2011). 
The final theory is a dual style subduction 
(Bradley, 1993; Eusden et al. 2000; Bradley 
and Tucker, 2000; Schoonmaker et al. 
2011). 
Based on these theories, the volcanics of 
the PVA are considered to be the product 
of subduction of Merrimack-Fredericton 
Trough beneath the North American plate 
as Avalonia converged and the ocean closed 
(Bradley, 1983). With the convergence, the 
surrounding lithology composed of mostly 
Taconic ocean basin sediment of the CMT 
(Pinette et al. 1989) was metamorphosed 
and deformed as the PVA developed 
(Bradley, 1983). The Acadian plutons that 
intruded into the PVA are widely found 
in other belts, including the Merrimack. 
Because of this, the PVA and Merrimack 
are believed to be mantle driven gabbroic 
rocks and are grouped together with the 
New Hampshire Magma Series (Bradley, 
1983). A schematic of the tectonic collision 
is presented by Bradley (1983) where the 
closing of the Merrimack Trough also buried the Piscataquis Volcanic Arc under deep water sediment (Figure 
1.5). The closing of the Merrimack Trough and the burial of the Piscataquis Volcanic Arc formed deep water 
sediments that melted to feed into the source of submarine and subareal volcanics (Bradley, 1983) (Figure 
1.6).
 
Figure 1.5: Model of the closing of the Merrimack Trough and 
the creation of the current Piscataquis Volcanic Arc. From 
Bradley (1983).
Figure 1.6: The cross sectional view of the formation of quartz-diorite intrusives as the Acadian orogeny 
began to form. This is associated with the closing of the Merrimack Trough and parts of the Piscataquis 
Volcanic Arc. This figure also shows the presence of diorite plutons within the Littleton Formation. 
(Bradley, 1983).
13
Plutons
The New Hampshire Plutonic/Magma Series: 
The New Hampshire Plutonic Series is a group of plutons that Billings first identified in the 1930s. In the 
series there are 4 different pluton types that are correlated to three different intrusive cycles , the pre-Acadian, 
syn - late Acadian, and post-Acadian (Lyons, 1979; Dallmeyer et al. 1982). The three most important plutons 
for this study within this group are the Kinsman Quartz Monzonite, Bethlehem Granodiorite, and the 
Spaulding Quartz Diorite (Billings, 1956; Lyon and Livingston, 1977; Dallmeyer et al. 1982). The syn - late 
Acadian plutons the New Hampshire Plutonic Series (NHPS) and the post Acadian plutons are the Concord 
Granite of the NHPS and two-mica granites that are Carboniferous to Permian in age (Gaudette et al. 1975; 
Aleinikoff and Zartman, 1978; Lyons, 1979; Dallmeyer et al. 1982). 
According to Billings (1956), the Spaulding Quartz Diorite consists of medium grained rocks that are foliated 
and have the minerals biotite, quartz, plagioclase and sometimes hornblende. Bethlehem Gneiss is a medium-
grained biotite gneiss that has quartz, mainly plagioclase than feldspar, biotite, and little muscovite (Billings, 
1956). The last pluton identified is the Kinsman Quartz Monzonite that is medium to coarse grained rock 
composed of quartz, feldspar, biotite, and muscovite (Billings, 1956). The latter differs from the previous 
because it has the characteristics of a hypidioritic granular texture and not the graniolithic as the Spaulding 
Quartz Diorite (Billing, 1956). The quartz diorite found within the study site are closer to the composition of 
the Spaulding Quartz Monzonite than the others.
 
Granodiorites/Quartz Diorites
Quartz diorites are mafic plutonic rocks that can 
be characterized by mineral assemblages within the 
igneous plutonic ternary diagram (Figure 1.7). The 
quartz diorite is located on the right hand side with 
20% or less quartz and a 65- 90% alkali-feldspar. 
This assemblage of minerals and the abundance 
of biotite give it a speckled salt and pepper 
characteristic. In New England quartz diorites 
are commonly found in Western Maine near the 
New Hampshire border and in Northern Maine. 
This group of rock is associated with the crustal 
shortening and shallowing of the subducting slab 
in the Acadian Orogeny during the Early to Late 
Devonian (van Staal et al., 2009). They found there 
was an abundance of felsic rocks and limited mafic 
rocks in NewFoundland. According to the authors, 
the mafic rocks are associated with the Silurian slab 
breakoff that most likely acted as a thermal flux for 
large scale crustal melting. This melted rock could 
not move upwards towards the surface until after the 
compression of the Acadian Orogeny, forming plutons (van Staal et al., 2009).
Figure 1.7: The igneous plutonic ternary diagram. 
The Quarts diorite is located on the right hand 
side and has 20% or less quartz composition 
in comparison to the feldspar. Note, the dark 
minerals are not considered in this chart.
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The mafic plutons within the Central Maine Terrane are part of the New Hampshire Magma Series. The 
quartz diorites are linked to the Bethlehem Granodiorites, Kinsman granodiorites, or the Spaulding tonalite/ 
Quartz Diorite which were syntectonically intruded in during the thrusting of the Acadian Orogeny (Dorais 
and Paige, 2000). These rocks lack muscovite and other aluminous minerals and have lower SiO2 content 
(Dorais and Paige, 2000). In comparison to many granites such as the two-mica granites that have 70% SiO2 
(quartz), the mafic rocks contain less than 50% (Dorais and Paige, 2000). According to their data, plutons in 
Western Maine and New Hampshire like Flagstaff and Sugarloaf have less than 50% quartz, Umbagog has less 
than 60%, and the Songo and parts of the Mooselookmeguntic plutons contain less than 70% quartz, which 
correlates with the igneous plutonic ternary diagram (Figure 1.7) (Dorais and Paige, 2000).
Due to the close proximity of the Songo, its geochemical data and analysis is particularly important in 
understanding the quartz diorite plutons found at the research site for this study. The Songo pluton is also 
part of the New Hampshire Magma Series which is generally identified as a suite of non-foliated pluton 
that range in composition of intermediate to granitic (Lux and Gibson, 1989). Fisher (1962) describes the 
Songo granodiorite as being more tonalite than diorite because it has less K-feldspar and muscovite than the 
Bethlehem and Kinsman granodiorites do. In the Songo, there are two different types of granodiorites based 
on the composition of darker minerals. The first is the BHS granodiorite, which not only contains biotite, but 
also sphene and sometimes hornblend. The latter, known as the biotite granodiorite, only has biotite (Lux and 
Gibson, 1989). Based on their whole rock analysis using ratios of 87Sr/86Sr to plots against 87Rb/86Sr  for both 
the BHS granodiorite and biotite granodiorite, Lux and Gibson (1989) determined the crystallization of the 
Songo to be at 382 +/- 34 Ma, post Littleton Formation (Fisher, 1962). These given uncertainties are Early to 
late Devonian, and should be coeval to the quartz diorites in this study.
 
Sebago Batholith 
The Sebago Batholith is located just 
south of the study area in western, 
Maine (Figure 1.3). It is one of the 
largest exposed granitic plutons in 
Maine at 400 km2 in area surrounded 
by migmatized metamorphic rocks 
(Tomascak et al. 1996; Solar and 
Tomascak, 2009). The Sebago 
Batholith is composed of two sets of 
rocks, the two-mica granites located in 
the southern portion and the Sebago 
Migmatite Domain (SMD) composed 
of metapelitic migmatites cross cut 
by smaller sheet like homogenous 
granites (Solar and Tomascak, 2009; 
Wise and Brown, 2010; Figure 1.8). 
There are also two types of granites 
in the Sebago, the group 1 which are 
homogenous and white in color, and group 2 that are pink and heterogenous with enclaves and schlieren 
associated with the SMD (Tomascak et al. 1996; Wise and Brown, 2009). The Sebago Batholith is believed 
Figure 1.8: The Sebago Batholith. It is divided into the Sebago Pluton 
and the Sebago Migmatite Domain (Wise and Brown, 2001). 
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to be a sheet like emplacement at 0.5 - 2km in thickness (Hodge et al. 1982). The age of this Batholith is 
believed to be Carboniferous and Permian age and is a postkinematic granite that intruded into the Silurian 
and Devonian metasedimentary rocks (Osberg et al. 1985; Tomascak et al. 1996; Behn et al. 1998).
Two-Mica Granite: 
Muscovite - biotite granites, also known as two mica granites are one of the more common types of granites 
found within the Appalachians Mountains in the United States. The term two mica granite is used to describe 
highly felsic, leucocratic, peraluminous granitoids  ranging from white to pink in color (Armstrong and 
Boudette, 1984). Common minerals found in granites are quartz, k-spar, plagioclase, muscovite, biotite and 
sometimes with accessory minerals apatite, ziron, and rutile among others (Armstrong and Boudette, 1984). 
These granites are found in orogenic belts where they come in contact with other plutonic rocks and are 
emplaced in linear belts near these boundaries parallel to to the regional tectonic grain and sometimes at the 
edges of these orogens (Armstrong and Boudette, 1984). Often times pegmatites intrude in conjection with 
the two-mica granites (Armstrong and Boudette, 1984). The shapes of two-mica granite plutons are sheet 
like and are usually 1- 3 km in thickness (Nielson et al. 1976). These granites are coined as S type granites 
(Chappell and White, 1974; Frost et al., 2001) or syn-collisional granites (Pearce et al. 1984; Frost et al., 
2001). These granites are known to be generated from partial melting of metasedimentary rocks from the 
convergence of orogenies (England and Thompson, 1984; Frost et al., 2001). 
Thesis Questions
The plutonic history of Maine is important to know in order to understand the thermal and tectonic 
evolution in Maine. Currently, the Gilead and the lower Old Speck Quadrangles are now better exposed from 
the logging, and recreational and residential development, than when it was first mapped in 1983. However, 
much of the area is still covered in dense vegetation much like the rest of Maine’s forests. The exposed areas, 
although helpful for metamorphic outcrops due to their abundance, is still limited on plutons especially of the 
less commonly found ones, i.e. quartz diorites. Thus, there is still much error associated with the extent and 
origin of these plutons. The purpose of this study is to delve into the close relationship between the plutons of 
this study region and the surrounding geology by conducting whole rock chemisty and relating it to the New 
Hampshire Plutonic Series and Sebago Batholith. By doing so, a better understanding on the tectonic history 
can be found. These correlations between NHPS and Sebago Batholith using geochemical data will help 
sugegst evidence for the extension of the Piscataquis Volcanic Arc and the Sebago Batholith into the study 
region. By doing so, this connection can also help determine a approzimate age of the Quartz Diorite Suite 
and two-mica granites as well as determining the tectonic history. 
16
Chapter 2
Methods
17
Field Methods
2.1 Data Collection and Sampling
The area of study was the Gilead Quad and the lower half of the Old Speck Quad in Newry located near 
Bethel in western Maine (Figure 2.1). Fieldwork was completed during the period of late July to August 2013 
and an additional two field days during the early academic school year. Throughout the field days, a total of 
102 points in Old Speck Quadrangle (OSQ) and 224 points in the Gilead Quadrangle (GQ) were measured 
on outcrops mainly along streams and rivers (blue transects) such as the Sunday River drainages and in minor 
places such as areas cleared from logging (purple transects), mountain faces and heavily vegetated regions 
(green transects), and hiking trails (red transect). The total amount of outcrop measured was 5-10% of the 
total studied area.
Two field instruments were used in measuring the tectonic fabrics: Brunton compasses and Trimble Juno 
Handheld GPS units loaded with TerraSync. The Brunton compass were used to measure the strikes and dips 
of bedding, joints, and the occasional fold and dikes, using the right hand rule. The Trimble Juno units were 
used to record the data georeferenced with coordinates. All measurements were recorded in a field notebook 
and a data dictionary created by Professor J. Dykstra Eusden from the previous summer. The data dictionary 
has the fields StationID, BedStrike and BedJoint for bedding, JointStrik and JointDip for joints, FoldAPstri 
and FoldAPdip, FoldHLTren, and FoldHLPlun for folds, and RockTypeCo for comments. The comments 
section only recorded up to 250 characters, so any other characteristics besides the main rock types were 
recorded in a field notebook that was used as a backup of records. Each day data collected in the Trimble Juno 
was exported into a Panasonic Ruggedized Toughbook through GPS Pathfinder into ArcGIS 10. All data was 
appended to a file labeled Master_Data_8_9 that was used as a master file.
Collection and sampling of rocks were centered on rock types that were found in limited outcrops and that 
were large enough to make thin sections. Examples of the first types of rocks were quartz diorites and calcium 
silicate bearing units which were found regionally. The latter were compiled of samples of grey schist, rusty 
schist, and two mica granites. All samples were wrapped and labeled with the Station ID and rock type to 
avoid confusion and mix-ups for future analytical use. 
Lab Methods
2.2 ArcGIS and Digital Mapping
The map for this study was made using ArcGIS 10.1 and ArcCatalog. A master file that contained all the 
field data was created and stored into a geodatabase. The master data shape file was copied as a layer multiple 
times and relabeled as a different rock unit with a distinct color to identify it on the map. The rock types were 
distinguished into four major categories; schists, quartz diorites, granites, calcium silicate pods, and granofels. 
Once all the categories were made, contacts between the different rock units were drawn using the strikes 
and dip as guides and contact layers from John Dykstra Eusden’s map from the previous year as a reference in 
order to distinguish and group formations into units. For the quartz diorite and granite groups, contacts were 
drawn based on the mineral compositional differences mapped on a QAP diagram. Each unit was drawn using 
the field descriptions of quartz diorities and granite from the summer. Once the contacts were drawn, the 
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Figure 2.1: The topographic map of the Gilead and the Southern Old Speck Quadrangles in Western Maine. 
The study area is above the Androscoggin. The transects (drawn by Watermulder, 2014) that were hiked 
along are outlined above. The blue are rivers and stream paths, purple are logging roads, green are paths 
with heavily vegetated areas, and the red is the hiking trail. 
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units were made into polygons that were marked by different colors for each rock unit. The metasedimentary 
suites and a cross-section that went through most of the units were created by Watermulder (2014). 
2.3 Thin Section: Preparations and Analysis
There were a total of 26 thin sections cut. Out of the 26, 15 
were igneous rocks. Samples for thin sections were carefully 
selected based on location and by the size. This was in order to 
get a better representation of the composition of rocks for the 
general study area, and to have samples big enough to cut into 
blocks for thin sections. Once they were selected, larger rocks 
were cut using a Diamond Pacific TR-18 Slab Saw and then 
cut into smaller blocks using the Lortone Inc Lapidary Trim 
Saw Model FS2 (Figure 2.2). An outline of a thin section 
dimension was used as reference. The 11 metasedimentary 
rocks were cut perpendicular to foliation and parallel to 
lineation and is the focus of study (Watermulder, 2014). The 
side opposite the one that was going to be cut was labeled 
with the station ID, and wrapped with tape that also had 
the station ID written on it. Samples were sent to be made 
into 30 μm thin-sections from Spectrum Petrographics Inc 
in Washington State. All samples were polished, but only the 
igneous rocks were 2/3 stained yellow with cobaltinitrite for 
alkali feldspar or also known as potassium feldspar (k-spar), 
and stained red with barium chloride for plagioclase. Not all 
samples were stained for plagioclase. 
The 15 igneous rock thin sections were analyzed for petrography using transmitted light microscopy using the 
Olympus BH-2 Polarizing Microscope model BHSP and alternating between 4x, 10x, and 40x magnification 
lenses. Within each thin section, mineralogic compositions that distinguished the rocks between the quartz 
diorite suite and two-mica granites were identified. These differences were related to the percentages of their 
minerals, the sizes of the minerals, and the presense of amphiboles and other minerals related to each rock 
type. Other features that were recorded included differences in chemical alterations which usually indicates 
pressure and depth, twinning of k-spar and plagioclase, and structural features such as foliations within 
muscovites and biotites. The unique characteristics of each thin section were recorded as a picture using the 
Olympus DP21 camera attached to the microscope.    
Quartz-Alkali Feldspar-Potassium Feldspar (QAP) diagram was created by estimating the percentages of each 
minerals based on the scanned thin sections and under the microscope in two sets of two repetitions. Here, a 
segment that best represented the whole thin section was identified and marked. Within this marked area only 
the lighter minerals were quantified to a percentage using the grain percentage diagrams in the Rite -In-the 
-Rain notebooks. The values for each mineral were normalized to equal 100% and then plotted on a standard 
igneous rock QAP diagram in IgPet 9.0 IUGS, a rock classification program. They were coded for shape and 
color based on where the samples landed on the graph. 
Figure 2.2: The two rock saws used to create 
thin sections. The saw on top (a) is the 
diamond blade saw to cut larger chunks to 
smaller rough cubes. The latter (b) is the 
water based saw used to finish the cutting 
into cubes.
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2.4 Whole Rock Chemistry: X-Ray Fluorescence
Igneous rocks samples (OSQ4, OSQ83, GQ17, GQ39, GQ40, GQ67, GQ103, GQ114, and GQ223) were 
washed and hand cut to avoid contaminants from the field such as moss and then cut using the small rock saw 
to remove any weathered surfaces. The samples were crushed to small rock chips by a Chipmunk Jaw Crusher 
then pulverized to fine sand in the Grinder with each machine being pre-contaminated.  
The powdered samples were taken to the petrology lab 
at the University of Maine, Farmington for WD XRF 
analysis under the guidance of Professor David Gibson. 
5.5 g (± 0.0002 g) of Lithium Meta-tetrabarate (65:35) 
flux and .5 g (± 0.0002 g) of sample were weighed 
and mixed in platinum crucibles in sets of three and 
fused into glass discs. The flux and sample mixture was 
melted in an Automated Fusion Technology Phoenixä 
fusion machine that pre-sets melting and melting at 
1030oC with an anti-sticking agent, ammonium iodide 
tablets, and then cooled on to pre-heated platinum 
disc molds (Figure 2.3). The total process time was 
approximately 14 minutes. The crucibles were washed 
in an acid bath after each use. Stickers with Station ID 
labels were placed on top as an identifier (Figure 2.4). 
These samples were analyzed for the major and minor elements using the Bruker S4 Pioneerä X-Ray 
Fluorescence Spectrometer. The Spectrometer uses standard WD XRF methodology with  SpectraPlusä 
software. Calibration was created using the USGS reference materials G2, GSP-2, AGV-2, W2a, and BIR-1. 
The precision values for the major and minor elements are- 0.4% for SiO2; 0.1% for Al2O3, K2O and Na2O; 
0.01% for CaO, Fe2O3 (total) and MgO; 
0.002% for MnO, P2O5 and TiO2. For the 
trace elements precision values are as follows 
- ± 10ppm for Ba; ± 5ppm for Cr, Sr, Zr and 
Rb; ± 2 ppm for Zn, Y and Nb.
XRF data was normalized to 100%, exported 
into a text delimited file, and then plotted in 
IgPet 9.0 IUGS to interpret the geochemistry 
of igneous rocks and their tectonic setting. 
The pre-set graphs, Pearce Diagram (Pearce 
et al. 1983) of Nb+Y and Rb, Shad’s Index 
(Maniar and Piccoli, 1989), and the calc-
alkaline graph (Peacock, 1931) were created 
to determine the tectonic setting of the nine 
samples. Harker diagrams to describe the 
relationships between SiO2 and common 
oxides were also graphed and later compared to those of previous studies. All the samples were given a unique 
symbol based on their rock type. 
Figure 2.4: The finalized discs from the fusion. Some samples 
have two discs due to cracks formed during cooling. 
Each disc was labeled and placed next to the samples for 
identification.
Figure 2.3: The Automated Fusion Technology 
Pheonix fusion machine used to create glass 
discs from the powder flux and sample mixture. 
The total tin time was around 14 minutes from 
the initial heating to the cooling.
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3.1 Bedrock Map
Ten distinct bedrock units were identified within the study area and mapped by Sula Watermulder (2014) 
(Plate 3.1). There are 8 stratigraphic units that are identified as Ssqg, Ssqr, Sqsc, Ssq, Ssg, Ssr, Ssgm, and 
Sgf, and two igenous units composed of granite and quartz diorite suites that cross cut the metamorphic 
units (Watermulder, 2014). The areas with granites and quartz diorite suite also had ubiqutous pegmatites. 
The metamorphic rocks are interpreted to be Silurian in age. Each member varied based on the unique rock 
features and composition. Ssqg was composed of biotite granofels, Ssqr was rusty weathered schist with 
calcium-silicate pods, Sqsc was quartzite interbedded with slightly rusty schist and coarse-grained muscovites, 
Ssq was grey schist with calcium-silicate pods, Ssg was grey schist, Sgr was slightly rusty schist, and Ssgm was 
grey schist. 
There are 15 samples of igneous rocks that were identified and used to draw this map. These samples are well 
spread out in the Gilead and lower Old Speck Quadrangles. Granites are symbolized as a red circle, Quartz 
Diorite as a black star, Quartz Monzodiorite is a grey cross, Granodioirte is a blue square, and Tonalite is a 
purple diamond (Plate 3.1). Quartz monzodiorite is not shown on this map because the sample was taken 
outside the study area. The granites are youngest in age being Permian – Devonian (?) and quartz diorites are 
the oldest, and are interpreted to be formed possibly during the Devonian.
Muscovite-Biotite Granites (Two-Mica Granites):
Under a hand lens in the field, 
the two-mica granites were 
mainly composed of muscovite, 
biotite, quartz, potassium 
feldspar, and plagioclase 
(Figure 3.1a). Granites were 
characterized as muscovite-
biotite granites and occasionally 
biotite-rich granites that varied 
in grain sizes from coarse to 
fine-grained. They are found in 
most of the study area usually 
with pegmatites, mainly cross-
cutting the stratigraphy in 
plutons and small intrusions, 
and sometimes as sills. There are two large two-mica granite plutons located on the mid to northern segment, 
one meduium sized one at the northwestern section, and three smaller ones identified on the updated bedrock 
map (Plate 3.1). The two largest granites have a composite area of 10,704,891 m2, the medium sized granite 
has an area of 578,215 m2, and the three smaller plutons have a composite area of 3,012 m2. 
Quartz Diorite Suite:
Quartz Diorite Suite is a broad name used to describe the variety of rock types: quartz monzonite, quartz 
monzodiorite, granodiorites, tonalites, and quartz diorites that were found in the field. In outcrops, 
characteristics under a hand lens include a salt and pepper speckled look. The mineralogy was mainly 
composed of plagioclase, quartz, and k-spar that were generally medium-grained, and biotite and muscovite 
Figure 3.1a: Hand sample of the 
two-mica granite also known as 
muscovite-biotite granite. It is 
a fine grained rock composed 
of mainly quartz, plagioclase, 
k-spar, muscovite, and biotite. 
This is a sample of OSQ 83.
Figure 3.1b: Hand sample of a 
quartz diorite. It is a medium-
grained rock with mostly 
plagioclase, quartz, and biotite 
with low percentages of k-spar 
and amphiboles. This is a 
sample of GQ 39. 
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(Figure 3.1b). There are also two types of emplacement of igneous rocks. Sills are plutons that follow the 
stratigraphy, while intrusive plutons such as the two-mica granites cross-cut the bedrock stratigraphy. In this 
suite, there were three distinct plutons with both types of emplacements. 
The first is Gilead Granodiorite, a sill that lies at the southern Gilead Quadrangle and a small pluton near 
Jakes Notch. Just south of this sill, is an unknown diorite which may be the same Gilead Granodiorite. It 
follows along the stratigraphy from the east until it comes to an end at mid-map. The composite area of the 
Gilead Granodiorite is 3,368,065 m2. It also has total length of 19,809 meters, the thickest vertical width 
of the northern pluton as 998 meters, and the thickest vertical width of the southern pluton as 501 meters. 
The second is the Robinson Quartz Diorite, a medium sized pluton located on Robinson Mountain where it 
cross-cuts the stratigraphy. This pluton comes in limited contact with two-mica granite on the southern side. 
Although there is limited data, the field mapping at this one site suggests it is a pluton. This pluton has an area 
of 332,620 m2, a total length of 2,307 meters, and the longest vertical thickness of about 950 meters. 
Frequent Igneous Intrusion is a large mixture of plutons that are made up of various rock types, tonalite, 
quartz monzonite, and two-mica granites alternating 1- 2 meters between schist. There are two segments 
of the Tonalite Injection, a small one located on the northeastern region and a larger one located on the 
southwestern region, and quartz monzonite injections are located on the western section. These injections 
follow the trend of the rock types based on the field data. In the field they were mapped as biotite-muscovite 
granite that changed every few meters just as the two-mica granites did, but after petrographic analysis, 
they are identified as  injections of two different types of rocks. It is labeled as a Frequent Igneous Intrusion 
because it is composed of three different rock compositions.  This pluton is also cross-cut by two large two-
mica plutons on the northern section.  In a cross section labled A to A’, the plutons are indicated by the pink, 
light blue and purple polygons with dark crosses and lines (Plate 3.1). The pink is represented as the Robinson 
Quartz Diorite, the blue is representative of the Frequent Zones of Intrusion, and the purple is the Two-Mica 
Granite. The pink polygon intrudes as a sill, while the purple intrudes as a pluton evidenced by the cross-
cuting relationship with the grey polygon that represents a stratigraphic unit. 
3.2 Petrographic Analysis
3.2.1 Rock Classification
15 igneous thin section samples, OSQ 4, OSQ 83, GQ 17, GQ 39, GQ 40, GQ 53, GQ 54, GQ 67, GQ 
97, GQ 114, GQ 150, GQ 155, GQ 184, GQ 188, and GQ 223 were analyzed for their quartz, plagioclase, 
and k-spar percentages (see appendix). There are 6 different types of igneous rocks that these samples fall 
under the QAP diagram. These igneous rocks are; granite, granodiorite, tonalite, quartz monzonite, quartz 
monzodiorite, and quartz diorite (Figure 3.2). With the exception of granites, the other five are grouped as a 
Quartz Diorite Suite.
8 of the samples, OSQ 4, OSQ 83, GQ 40, GQ 54, GQ 97,  GQ 150, GQ 188 and GQ 223, fell within the 
granite field, marked by a red circle (Figure 3.2). The percentages of quartz, plagioclase, and k-spar for each 
these samples were generally similar. These samples had k-spar values that ranged between 26% and 36%, 
quartz values between 30% and 47%, and plagioclase values between 38% and 34% (Table 3.1). The samples 
plotted in different sections of the granite field as determined by their quartz values. OSQ 83, GQ 188, and 
GQ 223 plotted higher near 50% while samples GQ 40, GQ 54, GQ 97, and GQ 150 plotted lower between 
30 - 40% (Figure 3.2).
All the rocks in the Quartz Diorite Suite had high percentages of plagioclase and low values of k-spar. 
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Granodiorite is marked by blue squares and was characterized by 2 samples, GQ 17 and GQ 67. The k-spar 
composition was low for these samples at 10% and 17% while the plagioclase and quartz values were relatively 
higher with quartz being 41% and 23%, and 50% and 60% for plagioclase. Due to the low quartz value, GQ 
Sample Q A P Total (Q/Total)*100 (A/Total)*100 (P/Total)*100 Total % Rock Type
OSQ 4 42 32 26 99 42 32 26 100 Granite
OSQ 83 47 29 23 98 47 30 23 100 Granite
GQ 17 38 9 47 94 41 10 50 100 Granodiorite
GQ 39 6 6 68 79 7 7 86 100 Quartz Diorite
GQ 40 37 33 25 94 39 35 27 100 Granite
GQ 53 15 8 59 81 18 9 73 100 Quartz Monzodiorite
GQ 54 32 30 36 97 32 30 37 100 Granite
GQ 67 20 15 53 88 23 17 60 100 Granodiorite
GQ 97 24 25 31 80 30 31 38 100 Granite
GQ 114 37 1 53 90 41 1 59 100 Tonalite
GQ 150 32 35 30 96 33 36 31 100 Granite
GQ 155 36 0 54 90 40 0 60 100 Tonalite
GQ 184 6 39 40 85 7 46 47 100 Quartz Monzonite
GQ 188 40 32 24 96 42 33 25 100 Granite
GQ 223 39 23 24 86 46 26 28 100 Granite
Table 3.1: Combined QAP calculations based on the original two estimates (see appendix). The QAP was 
normalized to 100% and then plotted on the QAP diagram. The granites had similar values of all three 
minerals while the other rocks in the quartz diorite suite varied in all three minerals. 
Figure 3.2: The QAP diagram of the 15 igneous rock samples taken from the field. 
There are six different types of rocks. Eight plotted in the Granite field, two 
in the granodiorite, two in tonalite, one in quartz monzonite, one on quartz 
monzodiorite, and one on the quartz diorite fields. 
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17 plotted towards the plagioclase on the chart. There were two samples of tonalite (purple diamonds), GQ 
114 composed of 41% quartz, 1% k-spar, and 59% plagioclase, and GQ 155 that had similar values of 40% 
quartz, 0% k-spar, and 60% plagioclase. GQ 184 (blue x) was located on the quartz monzonite field and 
contained 18% quartz, 9% k-spar, and 73% plagioclase. GQ 53 (gray cross) is a quartz monzodiorite and it 
was composed of 7% quartz, 46% k-spar, and 47% plagioclase. GQ 39 identified by a black star is the only 
quartz diorite within these samples. Its composition is 7% quartz, 7% k-spar, and 86% plagioclase.
3.2.2 Petrography
Within the 15 igneous samples, there were two groups, Quartz Diorite Suite and granites. Common minerals 
that make up the bulk of the mineralology in both groups are quartz, biotite, muscovite, plagioclase and 
k-spar. There were also unidentified opaque minerals and minerals formed from chemical alterations such as 
sericite and myrmekite. 
Quartz is identified based on the white to gray inference colors under double polarization, clear under single 
polarization, and no cleavage or alterations. Plagioclase is stained red and shows albite cleavage or twinning 
under double polarization and is clear under regular polarization. K-spar under single polarization is clear and 
under double polarization it has microcline twinning characterized by distinct cross-hatch twinning and is also 
stained yellow. Biotite has two colors, green to brown and reddish brown with one cleavage plane. Muscovites 
have high inference colors and one cleavage plane under double polarization.
Granites:
There were 8 granites out of the 15 thin sections. These granites were OSQ 4, OSQ 83, GQ 54, GQ 97, GQ 
150, GQ 184, GQ 188, and GQ 223. OSQ 4 is composed of fine grained k-spar, plagioclase, quartz, and 
biotite with coarse grained muscovite grains (Figure 3.3). Within the sample chemical alterations are seen. 
Myrmekite is quartz formed as an exsolution of plagioclase and k-spar as these minerals lose Ca, Na, and Al 
but still maintain the Si content. The Si alone cannot be fully incorporated into the formation these minerals 
(Figure 3.3.1 B and C). Often plagioclase is altered with sericite mica zonation in the center (Figure 3.3.1 D 
and E).
In OSQ 83 the plagioclase do not stain very well as indicated by the partially pink grains showing chemical 
alteration as calcium is removed from the mineral (Figure 3.3.2 B). Under double polarization microcline 
twinning is visible (Figure 3.3.2 A and C). Biotite in this thin section is reddish brown and is foliated. There 
are also myrmekites and biotites with zircons inclusions (Figure 3.3.2 E and D).
GQ 54 is made up of fine k-spar, fine to coarse grained plagioclase, coarse quartz, and little biotite and 
muscovite (Figure 3.3.7 A).  Plagioclase showed twinning while the k-spar did not, and had the presence of 
myrmekite and sericite (Figure B, C, D, and E).  It is hard to determine the plagioclase in GQ 97 due to 
limited staining (Figure 3.3.9 A). This sample is fine grained with an abundant biotite. Chlorite, fluorite, 
sphene, and apatite are present in this sample unlike the other rocks (Figure 3.3.9 B, C, D, E). Plagioclase in 
this sample had sericite zonation as well as fluorite and chlorite intergrowth (Figure 3.3.9 F, G, H, and I).
GQ 40 and 150 are more rounded and composed of medium grains (Figures 3.3.5 A and 3.3.11 A). Some of 
the plagioclase and k-spar are mixed as seen with the more orange coloration of the stained k-spar / plagioclase 
(Figure 3.3.11 A). The k-spar shows microcline under double polarization (Figures 3.3.5. B and C, and 3.3.11 
B and C). Plagioclase has zoned staining, with red staining concentrated at the center and not the edges 
indicating Ca zoning from the core to the rim (Figure 3.3.1 D). Under double polarization myrmekite is also 
present (Figure 3.3.11 E). GQ 188 is fine grained with some biotite. GQ 223 was taken at the center of the 
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study area is fine grained with a slight foliation that can be seen in the muscovite grains (Figure 3.3.15 D and 
E).  There are k-spars with intergrown quartz grains and myrmekite and sericite present (Figure 3.3.15 B, C, 
F, and G).
Quartz Diorite Suite:
The Quartz Diorite Suite had two distinct mineralogical differences. GQ 17, 39, and 67 had the presence of 
amphiboles and sphene while GQ 53, 114, 155 and 184 did not. The group with amphiboles and sphene 
lie within the quartz diorite and granodiorite fields (Figure 3.3.1). GQ 17, is fine to coarse-grained and 
has greenish to brown and reddish brown biotites (Figure 3.2.3 A). Myrmekite, sericite, chlorite, fluorite, 
and opaque minerals were present. There was also a small percentage of k-spar. There was sphene but not 
amphibole in this sample (Figure 3.3.3 F and G). GQ 39 is mainly composed of plagioclase and darker 
minerals, biotite, amphibole, and sphene. Biotites are coarse grained and greenish brown in color (Figure 
3.3.4 A). Amphiboles are identified due to their dark green colors and often the rhombus like cleavage plane 
(Figure 3.3.4 F and G). Sphene is more globular and is more abundant than the other minerals (Figure 3.3.4 
B and C). This sample also has rutile, an elongated mineral (Figure 3.3.4 D and E).The last sample from this 
group, GQ 67, has a slight foliation that is observed by the biotite (Figure 3.3.8 A). This sample, like GQ 39, 
had the presence of sphene and amphibole (Figure 3.3.8 B and C, and 3.3.8 F and G). There was also apatite, 
myrmekite, and sericite found within the plagioclase (Figure 3.3.8 D, E, H, and I).
The second group, characterized by the lack of amphibole and sphene are composed of majority plagioclase 
and biotite with limited k-spar and quartz. GQ 53, a quartz monzodiorite is made up of reddish brown biotite 
that is chemically altered by sericite (Figure 3.3.6 A, D and E). The plagioclase also shows multiple growths 
outline by the different zonations (Figure 3.3.6 B and C). Under double polarization there is also evidence 
of small opaque minerals (Figure 3.3.6 F and G). GQ 114 and 155 are both tonalities and have similar 
mineralogy. Both are coarse-grained with greenish brown and reddish brown biotite (Figure 3.3.10 A and 
3.3.12 A).  There is a slight foliation in GQ 155 defined by foliated muscovite grains (Figure 3.3.12 B, C, D, 
and E). Both samples also have sericite and opaque minerals. GQ 184 has microcline, plagioclase, and sericite 
(Figure 3.3.13 A). There are sparse biotite grains present. In this thin section, there is a large opaque which is a 
metallic mineral, possibly magnetite (Figure 3.3.13 D and E).
3.3 Geochemical Analysis of Diorites and Granites
Geochemical data between the muscovite-biotite granites and the Quartz Diorite Suite varied greatly. There 
were nine samples that were analyzed under the XRF. OSQ 4, OSQ 83, GQ 40, and GQ 223 are granites, 
and GQ 17, GQ 39, GQ 67, GQ 103, and GQ 224 are grouped as a Quartz Diorite Suite (Table 3.2). The 
muscovite-biotite granites labeled as TMG (Table 3.2) had high SiO2 values of 70+ wt % while the Quartz 
Diorite Suite rocks had SiO2 values that ranged from of 49.22 wt % being the lowest found in GQ 224 to the 
highest value of 66.79 wt % found in GQ 103 (Table 3.2). TMG had slightly higher values for K2O (wt %) 
and Rb (ppm). For all other oxides and trace elements, Al2O3, CaO, Fe2O3, MgO, Na2O, P2O5, TiO2, Ba, Cr, 
Zn, Sr, Y, Zr, Rb, and Nb, the Quartz Diorite Suite had the higher values. In comparison to the TMG, the 
trace elements, Ba, Cr, Zn, Sr, Y, Zr, and Nb in the Quartz Diorite Suite was significantly higher, sometimes 
double the amount in the TMG. The only exception is GQ 103 where the Y and Nb values were lower than 
the range found within TMG samples.
The two groups had different trends when plotted on discrimination diagrams. When plotted on a tectonic 
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discrimination diagram using Y+Nb vs. Rb (Pearce, 1983), the TMG labeled in red circles clustered 
together near the syn-collisional granite (syn-COLG) region with a slight overlap in the volcanic arc granites 
(VAG) (Figure 3.4 a). The diorites were loosely clustered along the VAG to the within plate granite (WPG) 
designations. In Shand’s Index by Maniar and Piccoli (1989), TMG were more peraluminous than the diorites 
(Figure 3.4 b). The diorite samples varied within the metaluminous to peraluminous fields. In the Alkali to 
Calcic diagram by Peacock (1981) two-mica granites clustering is seen in the diagram with the changed axes. 
Without changes in the axis, only four samples of the Quartz Diorite Suite are visible ranging from alkali to 
calcic (Figure 3.4 c and d).
Six Harker Diagrams were plotted. These were SiO2 v. CaO, SiO2 v. TiO2, SiO2 v. K2O, SiO2 v. Rb, SiO2 v. 
Zr, and SiO2 v. Sr (Figure 3.4 e, f, g, h, I, and j). In all of these graphs the granites were clustered together in 
at the far right, where the highest percentages of SiO2 were found. The cluster was significantly higher in the 
K2O and Rb graphs. The Quartz Diorite Suite was spread out and varied in SiO2 content.  In all the graphs, 
GQ 224 had the highest values of each oxide and trace element but low SiO2 values. GQ 103 had the lowest 
oxide and trace element composition but the highest SiO2 percentage. The others samples GQ 39, GQ 67, 
and GQ 17 plotted in-between these two points in increasing SiO2. In the K2O, Rb, Zr, and CaO graphs, the 
Quartz Diorite Suite showed a general trend of slight decrease and increase in these values (Figure 3.4 e, g, h, 
and Zr). The TiO2 and Sr values decreased in the order of GQ 224, GQ 39, GQ 67, GQ 17, and GQ 103 
(Figure 3.4. f and j).  
QUARTZ DIORITE SUITE
Sample Al[2]O[3] CaO Fe[2]O[3] K[2]O MgO MnO Na[2]O P[2]O[5] SiO[2] TiO[2] Total
GQ 17 16.43 4.04 5.79 3.06 2.21 0.11 3.56 0.373 60.59 1.078 97.24
GQ 39 16.39 6.35 9.83 2.78 4.27 0.195 3.91 0.601 51.82 1.893 98.04
GQ 67 16.23 4.07 7.54 3.34 2.03 0.205 4.45 0.755 57.57 1.315 97.51
GQ 103 16.45 3.36 2.97 1.93 1.29 0.052 4.29 0.176 66.79 0.436 97.74
GQ 224 16.27 6.6 9.98 3.18 4.12 0.186 3.9 1.642 49.22 2.578 97.68
QUARTZ DIORITE SUITE
Sample Ba Cr Zn Sr Y Zr Rb Nb 
GQ 17 993 20 31 632 32 373 97 27
GQ 39 898 20 59 1154 24 306 78 25
GQ 67 733 23 97 483 26 281 88 42
GQ 103 468 7 9 456 9 101 86 6
GQ 224 1235 4 91 1463 40 424 95 45
TWO-MICA GRANITE
Sample Al[2]O[3] CaO Fe[2]O[3] K[2]O MgO MnO Na[2]O P[2]O[5] SiO[2] TiO[2] Total
OSQ 4 14.61 0.76 1.46 5.78 0.33 0.024 2.98 0.213 70.93 0.287 97.374
OSQ 83 14.26 0.89 1.67 5.94 0.41 0.02 2.49 0.202 70.63 0.31 96.822
GQ 40 14.8 0.72 0.9 5.39 0.17 0.025 4.4 0.185 71.05 0.118 97.758
GQ 223 14.49 0.87 1.34 5.38 0.29 0.026 2.89 0.225 70.83 0.228 96.569
TWO-MICA GRAINITE
Sample Ba Cr Zn Sr Y Zr Rb Nb 
OSQ 4 476 0 0 123 14 130 268 12
OSQ 83 434 0 0 118 16 145 249 12
GQ 40 227 0 0 71 13 54 234 16
GQ 223 329 0 11 110 13 108 258 10
Table 3.2: The geochemical data of the Quartz Diorite Suite and Two-Mica Granites from XRF analysis 
from University of Maine, Farmington. The Quartz Diorite Suite was more mafic in composition in 
comparison to the Two-Mica Granites and also generally had higher trace elemental concentrations. 
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Figure 3.4: Geochemical plots of muscovite-biotite gran-
ites also known as two-mica granites (red) and diorite 
suite (blue squares). a. Tectonic discrimination diagram by 
Pearce et al. (1983), b. Shad’s Index by Maniar & Piccoli 
(1989), c. Alkali to calcic diagram by Peacock (1931) plot-
ted on based on the original axis, d. Diagram c drawn with 
edited axis to show the two-mica granites. Harker diagrams 
were also drawn, based on the SiO2 v. other oxides, e. SiO2 
v. CaO, f. SiO2 v. TiO2, g. SiO2 v. K2O, h. SiO2 b. Rb, i. 
SiO2 v. Zr, and j. SiO2 v. Sr. 
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4.1 - Evidence of the Sebago Pluton Extension
Within the sampes of two-mica granites used for thin 
section and petrographic analysis, one sample, GQ 223 
had a slight foliation. This foliation suggests that that the 
pluton found in the Gilead Quadrangle intruded in a 
sheet-like manner following the stratigraphy as the Sebago 
Batholith has (Hodge et al. 1982; Carnese, 1983; Creasy 
and Robinson, 1997). This is hypothesis matches up 
with the fields observations where, in many regions, there 
were sheet-like two-mica granites exposed especially near 
streams.  
The geochemical data from previous research by 
Tomascak et al. (1996) provides a good comparison to 
the geochemical data of the two-mica granites of this 
study. Tomascak et al (1996) identified two groups of 
granites within the Sebago: Group 1 being identified 
as homogenous two-mica granites found within the 
central and southern part of the pluton and Group 2 
that has micaceous schlieren containing enclaves of 
metasedimentary rocks from the eastern, northern, and 
western parts of the pluton (Figure 4.1). According to the 
authors, the rocks are all peraluminous with difference in 
SiO2 concentrations (Table 4.1). 
The two-mica granites of this study, OSQ 4, OSQ 83, GQ 40, and GQ 223 were plotted against the data 
from Tomascak et al. (1996). The oxide graph of SiO2 vs. CaO show no correlation between their data and 
this study’s (Figure 4.2a). The CaO concentrations of the two-mica granites in the Gilead and Old Speck 
Quadrangles are lower in content than those of the Sebago granite. GQ 40 has a lower value of MgO 
Figure 4.1: The locations of the study areas from 
Tomascak et al. (1996). The squares are the 
biotite granites, open circles are Group1 
granites, filled circles are Group 2 granites 
and the triangles are the leucogranites and 
aplites.
Sample SiO[2] TiO[2] Al[2]O[3] Fe[2]O[3] MnO MgO CaO Na[2]O K[2]O P[2]O[5] Mg# A/CNK
SEBGR-14 73.36 0.23 14.54 1.34 0.02 0.21 0.93 3.01 5.65 0.08 26 1.14
SG-2-1 69.9 0.38 15 2.4 0.05 0.73 1.64 3.38 5.18 0 40 1.06
SG-2-2 73.49 0.18 14.4 1.32 0.02 0.18 0.86 3.04 5.72 0.09 23 1.13
SG-2-3 0 0 0 0 0 0 0 0 0 0 0 0
SG-3-1 71.6 0.24 15.03 1.99 0.05 0.4 1.41 3.45 4.87 0.11 31 1.11
SG-3-12 75.1 0.12 14.9 0.8 0.03 0.2 0.9 4.22 3.75 0 35 1.18
SG-3-13 73.02 0.22 14.81 1.76 0.05 0.28 0.93 3.79 4.48 0.08 26 1.16
SG-3-14 73.3 0.19 14.8 1.26 0.05 0.32 1.11 3.57 5 0 36 1.11
SG-3-2B 71.68 0.22 15.44 1.4 0.02 0.34 1.25 3.14 5.75 0.05 35 1.13
SG-3-3 74.47 0.08 14.76 0.64 0.03 0.1 0.73 3.89 4.3 0.13 26 1.19
SG-3-4 74.9 0.12 14.6 0.71 0.04 0.14 0.63 3.18 5.22 0.1 30 1.21
SG-3-5 74 0.27 14.1 1.37 0.02 0.35 1.04 2.72 6.41 0.08 36 1.06
SG-3-6 74.2 0.13 14.9 0.74 0.05 0.3 1.12 3.33 4.81 0.09 47 1.17
SG-3-7 73.6 0.21 14.7 1.62 0.03 0.33 0.94 4.11 3.91 0.07 31 1.21
SG-3-8 73.54 0.21 14.76 1.84 0.05 0.37 1.29 3.92 3.4 0.19 31 1.18
SG-4-1 72.51 0.2 14.79 1.48 0.04 0.18 1.05 3.39 5.45 0.24 21 1.11
SG-4-2 70.24 0.36 15.52 2.71 0.04 0.41 1.64 4.14 4.17 0.17 25 1.09
SG-4-3a 73.37 0.1 14.8 0.98 0.04 0.14 1.4 3.93 4.33 0.17 24 1.08
OSQ4 70.93 0.287 14.61 1.46 0.024 0.33 0.76 2.98 5.78 0.213 30.92 1.51
OSQ83 70.63 0.31 14.26 1.67 0.02 0.41 0.89 2.49 5.94 0.202 32.72 1.50
GQ40 71.05 0.118 14.8 0.9 0.025 0.17 0.72 4.4 5.39 0.185 27.23 1.38
GQ223 70.83 0.228 14.49 1.34 0.026 0.29 0.87 2.89 5.38 0.225 30.00 1.55
Table 4.1: The geochemical data of the Sebago Pluton from Tomascak et al. (1996) used to create Harker 
Diagrams and diagrams of Mg# v. SiO2, Mg# v. CaO, and SiO2 v. A/CNK.
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Figure 4.2: A. SiO2 vs CaO graph of the two-mica granites of the study area (red) and the Sebago Group 1 
(x) and Group 2 (green triangles) from Tomascak et al. (1996). The data do not lie close to eachother. B. 
SiO2 vs MgO graph, the study area corelated to the Group 2 plutons. C. Rb vs. Ba, the data plots well 
against the Group 2 granites. D. Rb vs. Sr, where the two-mica granite falls within both granite groups. 
E. SiO2 vs. Ba/Rb, the two-mica granites do  not really fit the general tend of the samples from Tomascak 
et al. (1996). F. The graph of SiO2 v. A/CNK, molar Al2O3/(Na2O+K2O+CaO) shows no correlation 
between the granites mapped from this area to that of Tomascak et al. (1996).
       
A B 
C D 
E F 
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than the rest of the two-mica granites but overall, there is a better correlation between these granites and 
especially with the Group 2 granites (Figure 4.2b). In both the trace elemental plots of Rb v. Ba and Rb v. 
Sr, the study samples lined were clustered similarly to the Group 2 geochemical data (Figures 4.2c and 4.2d). 
However, for Rb v. Sr, the data is a bit harder to determine, it is possible the plots are closer to that of Group 
1 (Figure 4.2e). The SiO2 v. Ba/Rb graph like the SiO2 v. CaO shows no correlation. In the SiO2 v. A/CKN 
[molar Al2O3/(CaO+Na2O+K2O)] graph, the Gilead granites plot higher and far away from the granites 
by Tomascak et al. (1996). Rocks with higher biotite and plagioclase should have higher Mg concent, and 
can help determine the magma evolution of high SiO2 bearing rocks (Tomascak, 1996). Mg# [100 x MgO/
(MgO+FeO) (molar)] v. SiO2 and Mg# v. CaO are presented (Figures 4.3a and b). In the Mg# v. SiO2, the 
two-mica granites of the study region plot loosely near the lower region near the Group 2 rocks (Figure 
4.3a). In the Mg# v. CaO graph, there is a stronger correlation between the granites, where the two-mica 
granites of the Gilead region plot near both groups of granites (Figure 4.3b). These graphs both show a more 
linear correlation between the major oxide and Mg# than the data of Tomascak (1996), suggesting higher 
fractionation of melts based on biotite and plagioclase formations. 
Looking at these graphs, the trace element data indicates that the plutons of the study area and the Sebago 
are geochemically similar, indicating a possible similar magmatic origin but perhaps different emplacements 
and even crystallization times. There has been previous research by Creasy (1979), Wise (1995), Creasy 
(1996). Creasy and Robinson (1997) suggesting there are two distinct phases of the Sebago indicated by 
white and pink granites, where the outer part is heterogeneous with metasedimentary xenoliths or schlieren 
while the inner is more homogeneous. The Sebago Batholith is also has a small percentage of granodiorite and 
pegmatites located on the northern section (Gillman, 1977; Creasy, 1979; Tomascak et al. 1996 ). Previous 
studies are by of the Sebago extension is done of the Gray 7.5’ and Naples, and Raymond 7.5 Quadrangles 
(Creasy, 1996; Creasy and Robinson, 1997). The authors also found two different types of granites along with 
biotite granites. The differences in the composition can be explained by the two rocks where the pink located 
on the southern side is older being Carboniferous, while the northern side is Permian (Aleinikoff et al. 1985). 
This would indicate the possible differences in Group 1 and Group 2 granites. 
Although field data was limited in the Gilead and Newry region, generally, the two-mica granites were 
Figure 4.3: A.  Mg# [100 x MgO/ (MgO+FeO) (molar)] v. SiO2 graph. The granites from the study (red 
circles) lie near the Group 2 granites (green triangles) on the lower portion of the graph. B. The Mg# 
v. CaO shows a stronger correlation of the granites of the study area plotting in both the Group 2 and 
Group 1 granites from Tomascak et al. (1996) data. 
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homogeneous without schlieren enclaves of metasedimentary rocks, which is similar to the Group 1 
granites. There were many contacts with the metasedimentary rocks as well as alternating bands of granite 
and metasedimentary rocks (Plate 3.1). According to Tomascak et al. (1996), the Group 1 granites based 
on isotopic and geochemical data were composed of in situ melting with the metasedimentary rocks during 
emplacement. In the same area of the alternating bands, tonalite and quartz monzodiorite rocks were found. 
Tomascak et al. (1996) also identified biotite granites in the northern section of the pluton, which may be 
similar in composition to the tonalite and quartz monzodiorite. The similarities in these data may also be an 
indication of the extension of the Sebago. However, this is a more difficult, less constrained hypothesis. 
4.2 - Geochemical Evidence of the PVA
The geochemical plots of the quartz diorite suite were compared to the Harker diagrams of the New 
Hampshire Plutonic Series by Dorias (2003). Dorais uses the geochemical data from the Spaulding Tonalite, 
Kinsman Granodiorite, Winnipesaukee Tonalite, Meredith Porphyritic Granite, and Bethlehem Granodiorite 
Figure 4.4: The SiO2 vs. CaO, TiO2, Fe2O3, and K2O from the New Hampshire Plutonic Series by Dorias 
(2003) written on top of the graphs. The blue squares represent the quartz diorite suite of the Gilead 
Newry area. The quartz diorites fall within the Spaulding Tonalite and Winnipesauke Tonalite.
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(Figure 4.4). In the graphs of SiO2 v. CaO, TiO2, Fe2O3, and K2O, the quartz diorite suite of the study region 
correlates with the geochemical data of the Spaulding Tonalite and the Winnipesaukee Tonalite. The graph of 
TiO2 shows a slight change in trend between the Spaulding and the quartz diorite suite. Here, the Spaulding 
Tonalite begins at a lower TiO2 content while the Winnipesaukee Tonalite begins at a high CaO content just 
as the study sample does. In the CaO v. SiO2 graph, a similar trend is seen where the Spaulding this time 
starts off at a high SiO2 content. The Winnipesaukee Tonalite begins around 8 ppm, which is closer to the 6 
ppm of the quartz diorite suite. 
A more concise relationship between the plutons of the New Hampshire Plutonic Series and the quartz diorite 
suite of the Gilead region is represented in a trace element diagram (Figure 4.5). These graphs are represented 
by the Meredith Porphyritic Granite, the Bethlehem Granodiorite and the Winnipesaukee Tonalite. In all 
the graphs of SiO2 v. Sr, Rb, Zr and Y, the quartz diorite suite correlate well with the Winnipesaukee Tonalite 
by clustering in the same region. The composition of the Winnipesaukee and Spaulding Tonalites suggest 
that they are of similar origin and emplacement, although the quartz diorite suite plutons are closer to the 
Winnipesaukee Tonalite.  
Figure 4.5: The SiO2 vs. Sr, Rb, Zr, and Y trace elemental data from the New Hampshire Plutonic Series. 
The blue squares represent the quartz diorite suites. They fall and cluster well with the Winnipesaukee 
Tonalite.
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Using the geochemical data assumptions of the tectonic environment can be made. The rocks from the 
study area ranged from metaluminous to perialuminous, and alkai to calcic (Figure 3.4 B and D). The 
Winnipesaukee Tonalite is felsic and mafic in origin. The metaluminous nature indicates the presence of more 
mafic minerals such as biotite and hornbelende, which is found in the quartz diorite and the Winnipesaukee 
Tonalite. The perialuminous composition is the opposite, indicating higher saturations of felsic minerals such 
as muscovite and other aluminum and silica bearing sediment. Presence of a metaluminous composition 
indicate there were other source materials than the in situ lithospheric melting of the CMT metasedimentary 
basin (Dorais, 2003). Both Peacock (1931) and Shad’s Index (1951) are linked to each other and can also 
be used as a preliminary indication of tectonic settings. Although it is an elementary method, calc-alkaline 
can be used to catergorize plutonism of volcanic arcs, alkaline and perialkaline as within plate plutons, and 
perialuminous as melts from sedimentary rocks usually during continental collisons (Pearce et al. 1984). If 
this method is used, then this suggest that the Quartz Diorite Suite was formed in all the tectonic settings 
mentioned above, which may be the case based on the range of the data. For the two-mica granites, this 
explanation shows they are all created in one tectonic event. 
However, we assume that based on the relative closeness of the quartz diorite suite to the Spaulding and 
Winnipesaukee, these rocks are also of syntectonic origin. Dorais (2003) describes the emplacement of 
the Spaulding to have occurred as the nappes diverged east and west as part of the last sequence in the 
syntectonic events. Samples GQ 39, GQ 67, and possibly GQ 155 had foliations indicating these rocks were 
pre-kinematic or synkinematic (Dorais, 2003). Here, the movement of the nappes allowed magmas to rise 
up to the dorsal zone where the Spaulding Tonalite was emplaced in the  early Devonian (Dorias, 2003). 
In the Pearce Diagram of the plutons of the study site, the samples fell within the within-plate granite and 
volcanic arc granite emplacement (Figure 3.4 A). The term within plate and volcanic arc granite are linked 
to syntectonic settings, implying that these magmas from the study site rose up into the lithosphere from the 
plates as a result of extension. From this, we can also imply that all three suites or series are S - type granites, 
indicative of syntectonic or collisonal (Chappell & White, 1974; Pearce et al. 1984) and continental volcanic 
arc settings based on the Pearce Diagram. This would also suggest that the quartz diorite suite is an extension 
of the PVA.  
4.3 Regional Tectonic History and Ages
There are two distinct plutonic events that occured within the Gilead Quadrangle. These two plutonic events 
are connected to the Piscataquis Volcanic Arc for the Quartz Diorite Suites, and the Sebago Batholith for the 
emplacement of the two-mica granites. The Quartz Diorite Suite is older than the Sebago Batholith and is 
associated with the Acadian Orogeny while the Sebago is most likely related to the post Acadian, the Neo-
Acadian or Allegahnian Orogeny.  This tectonic history is explained through the relationship between the 
plutons and their regional stratigraphy, and age dating.  
Acadian Tectonism:
In New Hampshire, the Spaulding and the Winnipesaukee Tonalites are the youngest plutonic intrusions 
within the NHPS other than the Concord. Bradley and Tucker (2002) suggest the timing of the creation of 
the PVA to be early Emsian, as the Acadian orogenic from moved northwest. The timing of the Spaulding 
noted by Dorias (2003) is around 395 Ma ago. This timing fits in well with the plutonic ages, with Bethlehem 
being the oldest and Concord Pluton being the youngest. Eusden et al. (2000) also identified plutons that 
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were asociated with the plutons of the NHPS 
that had similar mineralogical compositions with 
foliations. The Wamsutta Diorite linked to the 
Spaulding has a 207Pb/206Pb age date of around 408 
Ma (Eusden et al. 2000).
In Maine, the formation of the PVA can be 
further specifed as being early Emsian (~406 - 407 
Ma) (Figure 4.6). The differences in age of the 
Spaulding Tonalite, Wamsutta Diorite, and the 
estimated formation of the PVA in Maine suggests 
difference in the timing of when the migrating 
deformation front reached various sections of 
the Appalachians. It is clear that the Acadian 
front migrated more quickly through Maine and 
than New Hampshire. Thus, the Quartz Diorite 
Suite should have an age of 400 Ma +/- 5 Ma. 
The creation of the PVA, was synchornous with  
migmatization in the metasedimentary units 
(Watermulder, 2014).
Neoacadian and Alleghanian Tectonism:
Evidence sugesting the age of the two-mica granites in Gilead is identified through two physical 
characteristics, the composition of the batholith and the relationship with the migmatized metasedimentary 
units. The plutons were generally homogenous and described as two-mica granites but had one region of 
frequent ignous intrusions that had the presense of tonalites and quartz monzidiorites (Plate 3.1). The Sebago, 
also is also composed of dioritic rocks although the majority are Group 1 and Group 2 two-mica granites.  In 
relation to the stratigraphy, the two-mica granites of the study area had regions of coarse-grained muscovites 
and biotites indicating the boundaries of metamorphic contact. However, the plutons and metamorphic 
contacts do not follow the line of migmatization that is drawn on the updated bedrock map by Watermulder 
(2014). The intusion of the pluton without causing deformation suggests this migmatized unit is Acadian 
in age as mentioned before. Further more, plutons extended from the Sebago Batholith in Gray, and Naples 
and Raymond Quadrangles mapped by Creasy (1996), and Creasy and Robinson (1997) also cross-cuts the 
migmatized stratigraphy. These suggest evidence for the extension of the Sebago into the Gilead region.
The Neoacadian Orogeny occured during the late Devonian to Carboniferous while the Alleghanian Orogeny 
occured during the Permian (van Staal et al. 2009). Age dating from the Sebago suggests that it was emplaced 
during these two orogenies. Rb -Sr isotope data suggests the Sebago is Carboniferous at 380 +/- 25 MPa 
(Cheney and Guidotti, 1979), U-Pb dating suggests that the Sebago is 325 Ma (Aleinikoff (1984), and U-Pb 
monazite and Neodymium - Pb isotopic data implies the age to be 293 +/- 2 Ma (Tomascak et al. 1996). 
Although the exact age is unclear, it has been concluded that the Sebago has two distinct ages, with the 
northern section being Permian and the southern side being Carboniferous as part of syn and postkinematic 
granitic rocks linked to the NHPS (Behn et al. 1998). 
Pegmatites widely found in the Sebago are only found with the two-mica granites in this study region. These 
pegmatites are believed to be younger in age. Bradley (2012) suggests there are four ages of the pegmatites, 
275 Ma, 326 Ma, 341 Ma, and 371-381 Ma. Due to the limited pegmatites found near the Quartz Diorite 
Figure 4.6: The growth of the Acadian Orogeny in 
Maine from Bradley et al. (2000). The timing of 
growth in this study is Early Emasian arouns 406 
-407 Ma. 
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Suite, the possible ages are narrowed down to three, 275 Ma at the end of the Alleghanian Orogeny, 326 Ma 
a time inbetween the Alleghanian and Neoacadian, and 341 Ma during the Neoacadian. The causes according 
to Bradley (2012) are arc processes, overthickening during collison or subduction, slab breakoff, and late 
extensional collapse and decompression melting.  These ages and tectonic setting in which pegmatites are 
created correlate well with the Carboniferous to Permian ages of the Sebago, and ultimately the plutons from 
focus of this study. 
Regional Pluton Changes
Based on the evidence above, the PVA and Sebago Batholith do extend into the Gilead and lower Old Speck 
7.5’ Quadrangles. The extensions of the PVA and the two-mica granite plutons are also show in Figure 4.7 
where the red represents the PVA extension marked by a black arrow and the white is the extension of the 
Sebago Batholith. The shapes and extents of the plutons are difficult to determine due to limited exposure, 
thus the plutons are exaggerated to show a better the extension. 
Figure 4.7: The new pluton extension of the Piscataquis Volcanic Arc (red) and Sebago Batholith (white). 
Arrows show the extensionof the plutons into the study region. This map is by Hibbard et al. (2006).
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Conclusions
When Moench, Hatch, and Lyons (1983) first mapped the bedrock of western Maine, they mapped the 
stratigraphy as the Littleton Formation that were intruded by Silurian to Devonian igneous rocks.  Although 
their map was created at a larger scale, these mappers were also limited on the accessibility and outcrop 
exposure. Thus, their map expressed their efforts and interpretations based on constraints of that time. Since 
then, development and logging has opened this area up for new mapping as more rock was exposed. The 
Gilead 7.5’ Quadrangle is one of these areas. 
Based on field work this summer, there were two types of igneous rocks found in this region, the Devonian 
Quartz Diorite Suite, and the Carboniferous to Permian two-mica granites. The geochemical analysis 
conducted in the X-ray Fluorescence helped to discriminate the two types based on tectonic settings and 
others. The geochemical correlations with NHPS by Dorais (2003) indicates the Quartz Diorite Suite is an 
extension of the Piscataquis Volcanic Arc that was formed during the Acadian Orogeny. The relationship 
between Tomascak et al. (1996) with the two-mica granites also indicate an extension of the Sebago Batholith. 
These finding, coupled with the new startigraphic bedrock map created by Watermulder (2014) are important 
in understanding the regional tectonic history in New England. 
However, to fully understand the tectonic history, more areas around western Maine needs to be mapped. 
Along with more mapping, radiocarbon dating, U-Pb, zircon, and monazite dating will be the best option 
in determining whether the plutons are syn-tectonic with the migrating orogenic fronts. For this study the 
ages from pervious studies were used to estimate the possible ages of the Gilead 7.5’ Quadrangle, which may 
or may not be accurate. With an increase in accessiability to outcrops and age dating, a better, more concise 
tectonic history can be evaluated. 
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Appendix
Thin Section
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OSQ 4
Figure 3.3.1 A. Thin section of OSQ 4, B. 4x view under double polarized light, C. Close-up of B at 10x
magnification, D. Double polarized at 4x and E. Single polarized view of D.
B. C.
D. E.
A.
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OSQ 83
Figure 3.3.2 A. Thin section of OSQ 83, B. 10x view under single polarized light, C. B at double polarization
both show plagioclase and microcline D. single polarized at 10x and E. Double polarized view of  D. There is
a biotite with zircon inclusions surrounded by serecite, k-par, plagioclase, and quartz. 
B. C.
D. E.
A.
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GQ 17
B. C.
D. E.
A.
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Figure 3.3.3 A. Thin section of GQ 17, B. Single polarized light of myrmekite, C. Double polarized version
of B with plagioclase surrounding the myrmekite D. Single polarized at 10x E. Double polarized view of D 
both shows sphene surrounded by plagioclase, biotite and quartz F. Single polarized view of sphene 
surrounded by quartz, G. Double polarized view of F.
F. G.
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GQ 39
B. C.
D. E.
A.
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Figure 3.3.4 A. Thin section of GQ 39, B. Single polarized, general view of GQ 39 C. Double polarized
version of B, D. Single polarized at 40x of titanium oxide mineral E. Double polarized view of D, F. Single 
polarized view of amphiboles G. Double polarized view of F.
F. G.
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GQ 40
Figure 3.3.5 A. Thin section of GQ 40, B. Single polarized, general view of GQ 40 C. Double polarized 
version of B with strong microcline visible, D. Single polarized at 10x of opaque mineral E. Double polarized 
view of D.
B. C.
D. E.
A.
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GQ 53
B. C.
D. E.
A.
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Figure 3.3.6 A. Thin section of GQ 53, B. Single polarized, general view of GQ 50 C. Double polarized
version of B shows plagioclase twinning and biotites D. Single polarized at 40x of biotite, E. Double polarized 
view of D with biotite wrapped with altered white mica F. Double polarized view of small opaque, G. Double 
polarized view of opaque found in F at higher resolution.
F. G.
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GQ 54
B. C.
D. E.
A.
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Figure 3.3.7 A. Thin section of GQ 54, B. Single polarized, general view of GQ 54 with plagioclase and
k-spar  C. Double polarized version of B, D. Single polarized at 10x E. Double polarized view of D shows 
myrmekites F. Single polarized view of plagioclase G. Double polarized view of F that shows twinning and 
alteration of plagioclase by quartz grains. 
F. G.
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GQ 67
B. C.
D. E.
A.
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Figure 3.3.8 A. Thin section of GQ 67, B. Single polarized, 40x of opaque and ?  C. Double polarized
version of B, D. Single polarized of amphiboles and plagioclase E. Double polarized view of D with serecite in 
plagioclase F. Single polarized view of amphiboles G. Double polarized view of F, H. Single polarized at 40x of 
apatite, I. Double polarized version of H. 
F. G.
H. I.
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GQ 97
B. C.
D. E.
A.
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Figure 3.3.9 A. Thin section of GQ 97, B. Single polarized view of GQ 97 at 4x shows biotite and 
amphiboles, C. Double polarized version of B, D. Single polarized view of apatite E. Double polarized 
view of D F. Single polarized view of plagioclase G. Double polarized view of F showing sericite inside 
plagioclase , H. Single polarized at 40x of plagiocalse, I. Double polarized version of H showing other 
minerals within plagioclase. 
F. G.
H. I.
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GQ 114
B. C.
D. E.
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Figure 3.3.10 A. Thin section of GQ 114, B. Single polarized view of GQ 114 at 4x, C. Double polarized 
version of B, D. Single polarized view of plagioclase and biotites E. Double polarized view of D F. Single 
polarized view of plagioclase, G. Double polarized view of F. 
F. G.
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GQ 150
Figure 3.3.11 A. Thin section of GQ 150, B. Single polarized view of k-spar, C. Double polarized version of 
B that shows microcline, D. Single polarized view of plagioclase within k-spar, E. Double polarized view 
of D with myrmekite. 
B. C.
D. E.
A.
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GQ 155
B. C.
D. E.
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Figure 3.3.12 A. Thin section of GQ 155, B. Single polarized view of GQ 155 at 10x, C. Double polarized 
version of B, showing plagioclase with alteration, D. Single polarized view of the plagioclase alteration at 40x 
E. Double polarized view of D shows linear mica grains F. Single polarized view of plagioclase and biotite G. 
Double polarized view of F showing sericite inside plagioclase. 
F. G.
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GQ 184
B. C.
D. E.
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Figure 3.3.13 A. Thin section of GQ 184, B. Single polarized view of GQ 184 shows k-spar C. Double 
polarized version of B, D. Single polarized view of opaque under 40x, E. Double polarized view of D F. 
Single polarized view at 40x G. Double polarized view of F showing muscovite and altered muscovite 
surrounding it. 
F. G.
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GQ 188
Figure 3.3.14 A. Thin section of GQ 188, B. Single polarized view of GQ 118 shows mixture of plagioclase 
and k-spar, C. Double polarized version of B, D. Single polarized view, E. Double polarized view of D shows 
muscovite, sericite, and quartz. 
B. C.
D. E.
A.
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GQ 223
B. C.
D. E.
A.
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Figure 3.3.15 A. Thin section of GQ 223, B. Single polarized view of k-spar grain, C. Double polarized 
version of B, shows muscovite, and quartz, D. Single polarized view of plagioclase and feldspar, E. Double 
polarized view of D that has a strong foliated muscovite grains, F. Single polarized view of plagioclase G. 
Double polarized view of F showing myrmekite. 
F. G.
